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I n e l a s t i c  s c a t t e r i n g  of charged p a r t i c l e s  from 
nuc le i  has been the  most popular method t o  e x c i t e  t he  
g i an t  resonances (GR) and understand t h e i r  e x c i t a t i o n  
mechanism. U t i l i z i n g  t h i s  technique, t h e  exis tence  
1 
of t h e  g i a n t  quadrupole resonance (GQR) and g i an t  mono- 
2 pole resonance (GMR) has been we l l  es tabl i shed .  It 
is c l e a r  t h a t  t he  use of various p r o j e c t i l e s  a t  d i f f e r -  
en t  bombarding energies  followed by comparisons of 
t h e i r  i n e l a s t i c  spec t r a  w i l l  be very he lp fu l  t o  estab- 
l i s h  t he  r e l a t i v e  s t r eng ths  of var ious  mul t ipoles  i n  
taneous measurement of analyzing power angular  d i s t r i -  
but ions  and d i f f e r e n t i a l  c ros s  s ec t ions  w i l l  be a 
b e t t e r  method, not  only t o  e s t a b l i s h  the  presence 
of var ious  L va lues ,  but  a l so  t o  determine more re- 
l i a b l y  t h e  s t r eng ths  of t he  various mul t ipoles  exc i t ed  
i n  t he  GR region.  I n  t he  ongoing a t  t he  
IUCF t o  study t h e  GR through i n e l a s t i c  s c a t t e r i n g  
of in termedia te  energy protons,  we have measured t h e  
d i f f e r e n t i a l  c ross  s ec t ion  and analyzing power f o r  
t h e  GR exci ted  i n  t he  9 2 ~ r ( p , p ' )  r eac t ion  a t  
t h e  GR region. Fur ther ,  c a l cu l a t i ons  show t h a t  simul- Ep = 104 MeV. The sca t t e r ed  protons were de tec ted  
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Fi-qure 2a. Differential cross section and analyzing Fi-qure 2b. Differential cross section and analyzing 
power data for the  GQR region. The DWBA calculations power data for GMR and GDR region. The DWBA predic- 
for 6-2 and L=4 are shown i n  the  figure. An additional tions for G-0 and 1 are also shown. 
L=2 anaZyzing power calculation using a 50% larger 
spin-orbit deformation i s  shown. 
loca ted  a t  17.5 MeV with a width of 3.5 MeV, and a 
using AE-E te lescopes  cons i s t i ng  of i n t r i n s i c  germanium smooth underlying background. While t he  f i r s t  Gaussian 
de t ec to r s .  The po la r i za t ion  of t h e  i nc iden t  beam was is  a t t r i b u t e d  t o  t h e  GQR, the second peak is  assumed 
monitored pe r iod ica l ly  w i th  a polarimeter  placed be- t o  be a combination of GDR and GMR. Standard DWBA 
tween the  cyclotrons.  The d a t a  were measured i n  2' c a l cu l a t i ons  have been c a r r i e d  out  t o  determine the  
s t e p s  from 10' t o  30'. The beam on t a r g e t  was kept  ex t en t  t o  which t h e  sum r u l e s  f o r  t he  var ious  L-values 
i n  t he  same p lace  by t h e  use of a s p l i t  Faraday cup a r e  exhausted i n  t h e  GR region.  I n  Fig.  2a, t he  re- 
and associa ted  beam s t e e r e r s .  Typical energy spec t r a  s u l t s  f o r  t h e  GQR region  a r e  given. It is  found t h a t  
measured a t  6 = 14.4' and 24.4' a r e  shown i n  Fig.  1. a few percent  L-4 is  requi red  i n  add i t i on  t o  50% L=2 
cm 
The GQR, GMR, GDR, and continuum regions a r e  appro- t o  expla in  t h e  c ros s  s e c t i o n  d a t a  i n  t he  GQR region.  
p r i a t e l y  indica ted  i n  the  f i gu re .  However, t h i s  combination provides a poorer  f i t  t o  
I n  the  present  work, t h e  GR region has  been f i t t e d  t he  measured analyzing powers. The r e s u l t s  f o r  t he  
wi th  two Gaussians (as  shown i n  Fig. l ) ,  one centered GDR + GMR region a r e  shown i n  Fig.  2b. They c l e a r l y  
around 14 MeV wi th  a width of 4 MeV and the  o t h e r  i n d i c a t e  t h a t  t h i s  region cannot be f u l l y  explained 
with  only L=O and 1 cont r ibut ions .  The behavior of 
the background subt rac ted  under t he  GR is  shown i n  
Fig. 3. Also shown is the  p l o t  of t h e  analyzing power 
A(8) of t he  continuum a t  Ex Q, 21-25 MeV a s  a funct ion  
of 8. It is found t h a t  A(8) i n  both cases is near ly  
a constant  and has an average value of Q, 0.06. The 
present  work ind i ca t e s  t h a t  simultaneous measurement 
of A(8) and a(€) ) ,  bes ides  confirming the  GQR and GMR 
s t r eng ths  obtained from other  measurements, can a l s o  
put  much more s t r i n g e n t  l i m i t s  on t he  amount of L=4 
s t r e n g t h  al lowable i n  t h i s  region. 
A more d e t a i l e d  ana lys i s  of t he  da t a  and compari- 
sons wi th  DWBA ca l cu l a t i ons  a r e  i n  progress.  
1 )  F.E. Bertrand,  Annu. Rev. Nucl. Sc i .  26, 457 (1976). 
2) Proc. Giant Multipole Resonance Topical  Conference, 
Oak Ridge, TN (1979). 
3) P.P. Singh, e t  a l . ,  IUCF Annual Report, 1979. 
92 
Continuum Zr(F.p', I 
Under the 104 MeV 
GR Region 
- 4 
f A A Continuum Above the 
2 4 r GR Region r 1 ,(21- 25 MeV) 
4 
Fi-qure 3. The behavior of the background subtracted 
from under the GR and the cuntinuwn above the GR a t  
Ex = 21-25 MeV. 
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We have measured ( 6 ~ i , d )  spec t r a  a t  10' f o r  t h e  r eac t ion  and those  reported2 t o  be  i s o s c a l a r  g i an t  
i n t e r a c t i o n  of 90 MeV 6 ~ i  with t a r g e t s  of 12c, 160, quadrupole resonance fragments i n  a 2 8 ~ i ( a  , 1 ) 2 8 ~ i  
2 4 ~ g , 5 4 ~ e ,  9 0 ~ r ,  and l g 6 p t .  Spectra from t h e  12c and study. Several  s t a t e s  i n  t he  e x c i t a t i o n  energy 
160 (mylar) t a r g e t s  exh ib i t  t he  same s e l e c t i v i t y  region 8-10 MeV a r e  weakly populated i n  58~ i ,  but no 
reported1 f o r  t h i s  r eac t ion  with lower energy 6 ~ i ,  s t r u c t u r e  is observed above t h e  slowly-rising breakup 
but  s t a t e s  a t  high e x c i t a t i o n  energy a r e  l e s s  obscured background i n  t h e  region of t he  g i an t  quadrupole re-  
by the  breakup background a t  t h i s  h igher  energy. The sonance. No t r a n s i t i o n s  populat ing d i s c r e t e  s t a t e s  
breakup background on 24Mg i s  a l s o  s u f f i c i e n t l y  weak a r e  observed f o r  t h e  heavier  t a rge t s .  Future work 
t h a t  many t r a n s i t i o n s  t o  h ighly  exc i t ed  s t a t e s  i n  2 8 ~ i  w i l l  concent ra te  on s tudying  t h e  g i an t  quadrupole re-  
s tand  ou t  c l e a r l y ;  t h e r e  is some c o r r e l a t i o n  between sonance of 28~ i .  
the  e x c i t a t i o n  energies  of s t a t e s  populated i n  t h i s  
